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In  previous  work  the  specificity of  the  spleen  in  the  protective 
mechanism of the body to Bartonella infection was studied (1, 2).  It 
was  found  that  autotransplants  of  splenic  tissue  in  the  abdominal 
wall of rats  afforded protection against  the anemia in  about  50  per 
cent of instances.  In those rats  that  were unprotected against the 
anemia  the  regenerated  transplants  showed  exhaustion  atrophy  of 
the pulp cells, but the lymph follicles remained intact.  In those rats 
that were protected all the elements of the spleen regenerated.  These 
experiments  demonstrated  that  the  function  of  the  spleen  can  be 
assumed by  a  minute fragment of splenic  tissue  if it  is  completely 
regenerated and  that  innervation of the  spleen plays no  r61e in  its 
specific protective action.  In an attempt to determine the nature of 
the protective mechanism of the spleen,  splenic extracts were made 
and implantations of fresh rat spleen were carried out.  Aqueous and 
alcoholic  extracts  of  cow's  or  pig's  spleen  or  implantations  of  rat 
spleen  afforded  no  protection  against  Bartonella  muris  anemia  in 
splenectomized rats.  It is possible that the r61e of the pulp elements 
of the spleen is dependent on its vital activity. 
The experiments reported in the present communication were carried 
out to  determine what compensatory phenomena develop in the rat 
as a  result of splenectomy.  Is the specific function of the spleen in 
its r61e in resistance assumed by any other organ or group of cells? 
Method 
24  adult  albino rats  were splenectomized.  The course of the anemia was 
studied.  6 rats were killed in 2 months, 9 were killed in 5 months, and 9 were 
877 878  BARTONELLA  MURIS  ANEMIA.  V 
killed in 9 months.  2 weeks before the rats were killed they were all injected with 
whole blood of an anemic rat.  The blood counts and hemoglobin readings were 
recorded for 2 weeks after the injections.  Careful autopsies were made on all the 
rats and routine sections of all the tissues were studied. 
It  was  found  that  6  weeks  following  splenectomy  a  rat  may  be 
reinfected with Bartonella  muris anemia by injecting the blood from 
an  anemic  rat.  However,  all  the  rats  tested  3  and  5  months  after 
splenectomy remained  resistant  to  the  anemia  and  these  rats  could 
not be reinfected with  the virus.  These experiments  suggested  two 
explanations.  First,  that  an  active,  severe  infection  resulted  in  a 
permanent immunity.  Second, that some compensatory mechanism 
for the loss of the spleen had developed which protected the rat against 
the infection.  Work by Ford and Eliot (3)  on the nature of the im- 
mune reactions in this disease as well as our own observations would 
indicate that immune substances  cannot be demonstrated  in  the  pe- 
ripheral blood following this disease.  Ford and Eliot (4) have shown 
that the blood of a recovered rat or of an adult non-splenectomized rat 
contains  no  protective  substances.  Further,  it  has  been  observed 
that rats after recovery from one attack of anemia may be reinfected 
or may spontaneously relapse.  None of the investigators who men- 
tion  this  fact  state  how long  a  time  had  passed  after  splenectomy. 
Our  own observations indicate  that  when  6  weeks  to  2  months  has 
gone by the rat can no longer be reinfected and in all instances in the 
3rd  month,  resistance  is  completely reestablished. 
The Effect of a Severe Active Infection with Anemia in Young Unoperated 
Rats  on  the  Subsequent  Resistance  to  Reinfection  Following 
Splenectomy 
In an effort to determine if the resistance of rats to reinfection with 
Bartonella  anemia  3  and  5  months  after  splenectomy  is  due  to  an 
active  immunity  resulting  from  a  severe  infection,  the  following 
experiment was undertaken: 
Four 3 week old rats were injected with the blood of anemic adult splenecto- 
mized rats.  All developed a severe anemia within a few days and recovered within 
a week.  2 months later they were splenectomized.  All four developed a severe 
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It is evident that an active induced infection in the 3 week old rat 
does not afford permanent immunity to the infection.  At about 4 to 
5 weeks of age, rats will spontaneously develop a mild degree of Bar- 
tonella infection with very little  anemia (Jaffe  and Willis  (5)).  Ap- 
parently the severity of the first infection does not influence the degree 
of resistance to future infection. 
It is plain, therefore, that the resistance to reinfection with Bar- 
ton¢lla muris  which is  present  3  months after  splenectomy results 
from  a  compensatory mechanism which has  developed during that 
time.  The finding of Ford and Eliot (4) that a Wistar Institute non- 
carrier rat is susceptible to infection with Bartonella muris 9 months 
after splenectomy is  not necessarily inconsistent with our findings. 
It  is  entirely probable  that  a  compensatory mechanism to splenec- 
tomy develops only as a result of a physiological need and in the ab- 
sence of the Bartonella  muris virus such physiological compensation 
for the protective action of the spleen does not develop. 
The  Late  Effects  of Splenectomy.  Morphological  Changes  3  and  5 
Months after Splenectomy in Bartonella Infected Albino Rats 
All the rats  in  these experiments developed an  anemia following 
splenectomy within the 1st week and recovered at the end of a month. 
After  this period  no  spontaneous recurrences were  noted.  At  the 
end of 3 and 5 months neither group could be infected with Bartonella 
muris  by injecting large  quantities of whole blood of anemic rats. 
The important morphological changes were found in (1)  hemolymph 
nodes, (2) thymus, (3) liver, (4) lungs, (5) bone marrow and (6) lymph 
nodes. 
ttemolymph Nodes.--The rat possesses one pair of hemolymph nodes 
behind the suprarenals which are very small and one pair in the pos- 
terior upper mediastinum, which are very difficult to locate  (6).  It 
has been shown by Warthin  (7)* in  1901 that splenectomy in goats 
and sheep is  followed rapidly by  enlargement of lymph nodes  and 
increase in the size and number of the hemolymph nodes.  The rabbit, 
sheep, goat and guinea pig have much more hemolymph tissue than 
the rat.  Warthin  considered from his observations that the hemo- 
lymph tissue is accessory erythropoietic tissue. 
* The  literature  on  the  compensatory growth  of  hemal  nodes following 
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The hemolymph nodes in the retroperitoneal region of the rat are 
hypertrophied in all the rats autopsied 3 and 5 months after splenec- 
tomy.  On section the sinuses of the nodes are filled with blood, the 
endothelial elements are enlarged and a hyperplasia of these elements 
is present.  The endothelial cells and many of the reticular elements 
in the depths of the nodes are distended with engulfed red blood cells 
and particulate hemosiderin. 
The  erythrophagocytosis is  primarily  limited  to  the  endothelial 
elements  but  pigment  is  found  in  the  reticular  elements  as  well. 
Normally  this  degree  of  physiological  activity  is  not  observed  in 
hemal node tissue nor in the spleen except in the presence of infection 
and marked red cell destruction. 
Lymph Nodes.--In  some instances a moderate degree of hyperplasia 
is present.  In many instances, however, the endothelial elements of 
the sinuses have undergone hyperplasia and numbers of cells fill the 
lymph sinuses.  In places the sinuses are replaced by sheets of sinus 
endothelium, which extend from the periphery toward the medullary 
portion of the node. 
Thymus.--All the rats used in this experiment were 6 and 8 months 
old  at  the time of autopsy.  The  thymus is  not enlarged.  Micro- 
scopically the thymus is  completely regenerated as in  an immature 
rat.  There is  an increase in the small cells, and a  more prominent 
regeneration of the reticulum.  In some instances the lymph follicles 
are enlarged. 
Liver.--The  liver  presents  no  gross  changes,  in  most. instances. 
On section, in some cases, fine gray specks are seen scattered through- 
out  the liver.  Microscopically there are accumulations of lympho- 
cytes in the periportal area (see Figs.  1 and 2).  These vary in size 
and in some cases are as prominent as lymphoid infiltrations of lym- 
phatic leukemia of human beings.  These foci are composed entirely 
of small lymphocytes and appear to arise in the reticular tissue about 
the  periportal  areas.  The  liver  cells  show  no  abnormalities.  The 
Kupffer cells are small and normal in appearance. 
Lungs.--The lungs show no gross changes.  Microscopically there 
are  no  patches  of  pneumonia,  the  bronchi  are  normal.  Scattered 
through the lung are foci of closely packed small round cells (lympho- 
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pulmonary  vessels.  The  surrounding  tissue  shows  no  evidence of 
inflammation.  These  peribronchial  and  perivascular  lymphocytic 
elements are not an expression of inflammation but of lymphoblastic 
hyperplasia andmetaplasia of peribronchial reticular tissue.  Reticular 
elements are numerous in the lymphocytic accumulations.  In places 
they form clumps of 4 or 5 cells with fused cytoplasm.  Some of the 
reticular elements contain blood pigment. 
Bone Marrow.--The bone marrow of the long bones is a deep red. 
Very little fat  is present.  On  section there is  a  striking degree of 
hyperplasia  of  all  elements.  Erythropoiesis  and  myelopoiesis are 
markedly stimulated.  Figs. 5 and 6 show illustrative areas from nor- 
mal and hyperplastic bone marrow of the rat.  In many sections of 
the marrow large numbers of megakaryocytes are present (see Fig. 6). 
DISCUSSION 
These studies indicate that within 3 to 5 months following splenec- 
tomy in albino rats of Bartonella  muris carrier stock,  the following 
changes have occurred: (1) Moderate hyperplasia of lymph tissue of 
lymph nodes; (2) hyperplasia of hemal nodes, with marked hyperplasia 
of the endothelial elements of these nodes, and erythrophagocytosis 
by these cells; phagocytosis of blood pigment by the reticular elements 
of these nodes; (3) hyperplasia in the thymus of small cells and reticu- 
lar cells, less in degree than that found in rats following suprarenalec- 
tomy;  (4)  marked hyperplasia of endothelial elements of the lymph 
nodes; (5) periportal accumulations of lymphocytes in the liver appar- 
ently arising from the reticular tissue at these sites; (6) peribronchial 
and  perivascular  accumulation of  lymphocytes in  the  lung  in  the 
absence of all inflammatory changes in the parenchyma of bronchi; 
increase of the reticulum of the peribronchial areas;  and  (7)  hyper- 
plasia of all hematopoietic elements in the bone marrow with an enor- 
mous increase in the bone marrow giant cells, the so called megakaryo- 
cytes. 
The hyperplasia of the bone marrow may be indicative of continued 
compensatory  mechanism  secondary  to  the  anemia  following  the 
Bartonella infection.  These rats, however, had been free of the active 
infection for a period of 2 to 4 months prior to autopsy.  The hyper- 
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their endothelial elements, the periportal accumulations of lympho- 
blastic tissue, the striking reticular and lymphoblastic hyperplasia of 
the peribronchial and perivascular regions of the lung in the absence 
of inflammation of the parenchyma, the regeneration and hyperplasia 
of all  elements of the thymus must be  considered as  compensatory 
phenomena following the removal of the spleen.  Whether the tran- 
sient acute anemia resulting from the infection with Bartonella  muris 
contributes to the lymphoblastic and reticular and endothelial hyper- 
plasia found months later is doubtful though this can only be deter- 
mined by  studies on the late  effects of splenectomy in  carrier-free 
stock.  That the phenomena following 3 to 5 months after splenectomy 
are compensatory for the loss of the spleen is strongly suggested by the 
fact that the rats can no longer be reinfected with the virus of Bar- 
tonella muris anemia, whereas reinfection may occur within the first 
6  weeks following splenectomy.  An active acute infection with the 
anemia of Bartonella muris leaves no permanent immunity as has been 
demonstrated in experiments on young rats with intact spleens, for if 
the spleen in such rats is removed 2 or 3 months later, the infection and 
anemia recur.  The specific protective function of the spleen to the 
Bartonella  anemia is taken over by other elements of the body in the 
absence  of  the  spleen.  From  the  observations of  Ford  previously 
cited, it is possible that this compensatory  mechanism does not develop 
in the absence of a need for it.  In Bartonella  muris-free stock a  rat 
may still be susceptible to infection months after splenectomy. 
SUMMARY 
In Bartonella  muris  carrier  stock certain changes are observed in 
the lymphoblastic and reticular and endothelial elements after splenec- 
tomy and recovery from the anemia.  These changes appear 3 to 5 
months after splenectomy and are associated with immunity to further 
infection with  Bartonella  muris.  The  changes  consist primarily  of 
hyperplasia of hemolymph tissue, hyperplasia of reticular and endo- 
thelial elements of lymph nodes, the formation of lymphoblastic foci 
periportally in the liver and peribronchially and perivascularly in the 
lung, regeneration of all elements of the thymus and marked hyper- 
plasia of all elements of the bone marrow (increased hematopoiesis). J.  MARMORSTON-GOTTESMAN AND  DAVID PERLA  883 
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EXPLANATION  OF PLATES 
PLATE 35 
Fro. 1.  Adult splenectomized rat.  Killed 5 moffths after spleuectomy.  Liver 
---showing periportal accumulations of lymphocytes.  Magnification 100  ×. 
FIO. 2.  Same as Fig.  1.  Higher magnification.  240  X. 
FIG. 3.  Adult splenectomiz~d  rat.  Killed 5 months after splenectomy.  Lung 
--showing  peribronchial  and  perivascular  lymphocytic  accumulations.  Note 
the absence of any pulmonary infection.  Magnification 100  ×. 
PLATE 36 
FIG. 4.  Same as Fig. 3.  Higher magnification of one perivascular lymphocytic 
nodule.  Note the uniformity of cells.  Magnification 240  ×. 
FIG. 5.  Adult spl~nectomized  rat.  Killed 5 months after splenectomy.  Bone 
marrow--showing marked hematopoiesis.  Note the large number of megakaryo- 
cytes.  Magnification 440  ×. 
FIO.  6.  Normal  rat,  8  months  old.  Bone  marrow--compare with  Fig.  5. 
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